Focal brain ischemia was induced in neonatal P7 Wistar rats, and brains were removed, homogenized, and treated as described in the Experimental Procedures. Extracts were loaded on SDS-PAGE: the blots were incubated with antibodies for NCX1 (A), NCX2 (B), and NCX3 (C). NCX3 was cleaved in two fragments of about 58-60 kDa, whereas NCX1 was only partially degraded and NCX2 was not cleaved. (D) Cerebellar granule neurons (grown in BME 25 mM KCl, in the presence or absence of 100 nM FK506) were incubated for 2.5 hr with 100 M glutamate. Cells were harvested, the membrane fraction was loaded on SDS-PAGE, and the nitrocellulose filters were immunoblotted with the antibodies specific for the three NCX isoforms. Only NCX3 degradation was apparent, again generating a doublet of about 58-60 kDa. (E) CGNs were treated either with 1 M STS (in presence or absence of 100 M Z-VADfmk) for 18 hr or with glutamate (150 M for 4-6 hr). Cell extracts were separated on SDS-PAGE and immunoblotted with antibody against the active caspase-3 (GAPDH as loading control). (F) CGNs were preincubated with 100 M z-VAD-fmk or 5 M calpeptin and subsequently exposed to 100 M glutamate for 2.5 hr. NCX breakdown products were detected in extracts separated on SDS-PAGE and analyzed by Western blotting. (G and H) Whole-brain homogenates (G), cortex, or cerebellar homogenates (30 g protein) (H) were incubated at 37ЊC for 15 min with 0.5 g calpain m or (shown are the experiments with calpain); the same amounts of brain homogenate from Sham-treated and MCAO were loaded for comparison. ments the activation of calpains in brain ischemia and blet of approximately 58-60 kDa, whereas NCX1 was degraded to an 82 kDa fragment. Excitotoxic stimulation excitotoxic neuronal degeneration (Lankiewicz et al., Leist et al., 1998; Siman and Noszek, 1988) . Howof neuronal cultures (i.e., treatment of cultured CGNs with glutamate) did not cause degradation of NCX1, ever, the nature of the calpain substrates during ischemic injury is largely unknown as are the mechanisms whereas NCX3 was processed to two products of about 58-60 kDa ( Figure 1D ). To visualize NCX2 in cultured by which they mediate neuronal demise.
Here, we present evidence that the plasma membrane CGNs, it was necessary to block its rapid downregulation by a calcineurin-mediated process (Li et Figure 1E shows Brain ischemia was induced by middle cerebral artery occlusion (MCAO), and samples were collected from that caspase-3 was processed when CGNs were exposed to staurosporine (STS) but not when stimulated cortical and striatal regions after 24 hr. The exchanger isoforms NCX1 and NCX3 were cleaved in the cortex by glutamate. The broad-spectrum caspase inhibitor, z-VAD-fmk, and NXC3 also in the striatum, whereas NCX2 was not degraded (Figures 1A-1C (Figure 2A ). As con-2000), fully prevented NCX3 fragmentation ( Figure 1F ). The pattern of NCX3 degradation after cerebral ischemia trols, we utilized cells overexpressing either full-length calpastatin (CLPG8) or GFP alone. The overexpression was then compared to that obtained in whole-brain, cortical, and cerebellar homogenates incubated with reof either calpastatin-EYFP (CLP-YFP) or full-length calpastatin in CGNs prevented the cleavage of NCX3 (Figcombinant calpains (Figures 1G and 1H) . In all cases, NCX3 was processed to products of the same size as ure 2B) and also the cleavage of another calpain substrate chosen as control, the PMCA isoform 2 (Guerini found after MCAO. (Figure 5F ).
Calpastatin or NCX2 Overexpression Protects Neurons from Excitotoxic Death
To test whether calpains and NCX cleavage were linked to neuronal death, cell viability was determined in neurons transduced with GFP, CLP-YFP, NCX3, or NCX2. The majority of neurons underwent cell lysis as determined by the loss of calcein staining starting 2.5 hr after glutamate addition ( Figure 6A ). The caspase inhibitor, Ac-DEVD-CHO (or other caspase inhibitors; data not shown) did not prevent cell death. In contrast, neurons transduced with calpastatin (CLP-YFP) were significantly protected (Figures 6B-6D) . Similarly, the MTT test showed that neurons overexpressing NCX2, but not NCX3, were protected from excitotoxic cell death (Figure 6E) .
siRNA Suppression of NCX3 Sensitizes CGNs to Ca 2؉ Overload and Excitotoxicity Finally, to directly examine whether NCX3 inactivation was sufficient to elicit a Ca 2ϩ overload upon glutamate stimulation, we used RNA interference (RNAi) to suppress NCX3 expression. Transfection of small interfering duplexes into CGNs was optimized using a labeled, When neurons were stimulated by subexcitotoxic glucontrol neurons and N_1 neurons with excitotoxic glutamate concentrations (150 M). In the majority of control tamate concentrations (25 M), control cells recovered near resting calcium levels, and none underwent secneurons, the secondary Ca 2ϩ deregulation occurred after 15 min ( Figure 7B ), whereas in most N_1 neurons ondary Ca 2ϩ deregulation ( Figure 7C ). In contrast, in neurons downregulating NCX3, after an initial partial (70% in the experiment shown in Figure 7D ) Ca 2ϩ overload was evident 7-8 min after glutamate. Finally, we recovery, Ca 2ϩ increased irreversibly and remained well above resting levels. In NCX3 downregulated neurons, reasoned that if NCX3 were the most relevant/critical substrate to cause the secondary Ca 2ϩ deregulation, a further rise in Ca 2ϩ occurred within 10 min: in N_1 neurons, the Ca 2ϩ deregulation was most rapid and ef-CLP-YFP would not modify the secondary Ca 2ϩ overload observed in NCX3 downregulated neurons. To this end, fective (after 800 s, 61% of the N_1 neurons versus 49% 
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The cleavage of NCX3 occurred in a region that is highly conserved between rodents and humans, which 
